The Eastern Transportation Coalition
Mileage-Based User Fee Exploration

JUNE 2020

Financial Impact of Shifting from Fuel Tax to
Mileage-Based User Fees in North Carolina
This Technical Memorandum (Tech Memo) summarizes the results of the financial impact analysis
conducted to compare the effects of replacing fuel taxes with mileage-based user fees (MBUF) for
households in different types of geographies around North Carolina.
North Carolina was divided into five geographies based on US Census Bureau data products
analyzed at the tract level (see Table 1). The classification methodology recognizes differences
including smaller geographies than simply “urban” and “non-urban.” These classifications reflect
differences in non-urban areas’ commuting relationship to urban areas. “All urban” combines Large
Metro Urban, Large Metro Suburban, and Small Urban. Appendices provide methodological detail.
Table 1: Geographic Classifications of Census Tracts

Geography

Large Metro Urban
Large Metro Suburban
Small Urban
Mixed
Rural

Definition

Metro population above 250,000; in urban area and among 40% most dense in US
Metro population above 250,000; in urban area but not among 40% most dense
In an urban area but metro population below 250,000
Non-urban but with significant commuting flow to urban area
Census tracts outside the other geographies

The overall implication from this financial analysis is that switching from a fuel tax to an MBUF will
shift the revenue burden towards more urban places and away from rural places. This is shown in
Table 2 and visually by the map in Figure 1.
Table 2: Annual Financial Impacts by Geography in North Carolina

Geographies
LM Urban
LM Suburban
Small Urban
Mixed
Rural
All Urban
Statewide

Change in Revenue from
Geography (all HHs)
$6,680,000
$12,870,00
$190,000
-$10,780,000
-$8,950,000
$19,740,00
$0

% Change in
Contribution
+0.6%
+1.1%
+0.0%
-0.9%
-0.8%
+1.7%
0.0%

Average Household
Fuel Tax
$217
$253
$234
$358
$343
$243
$297

Average Change Per
Household under MBUF
$17
+7.8%
$10
+4.0%
$1
+0.2%
-$8
-2.1%
-$17
-5.1%
$10
+4.1%
$0
0.0%

Under existing conditions, the average household can expect to pay between $214 and $358 in fuel
taxes. However, the absolute spending varies by geography. Large metropolitan (abbreviated LM in
tables) urban residents pay the least. Rural and mixed residents pay the most. Large metropolitan
suburban and small urban residents pay somewhere in the middle but substantially closer to the
lower end of the spectrum. Non-urban areas tend to pay more under the current fuel tax scheme.
Under a MBUF scheme, the balance shifts: urban households overall see an overall increase of
around 4.1% in their payments compared to the fuel tax, with households in large metropolitan urban
areas paying up to nearly 7.8% more. By contrast, rural households’ transportation cost burden
decreases by almost 5.1% and mixed areas by about 2.1%. These shifts have most to do with
vehicle fuel efficiency and typical household VMT. Rural vehicles tend to be older and less fuel
efficient, and their destinations tend to further apart than in urban areas. This leads to greater fuel
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consumption, and therefore a greater fuel tax burden. Large metropolitan and small urban areas’
newer and more fuel-efficient vehicles, coupled with shorter distances and fewer necessary vehicle
trips, lowers that geography’s fuel tax incidence.
Figure 1: Percent Change in Household Payments under MBUF

The rebalancing effect is most visible when comparing suburban and mixed geographies. Suburban
vehicles have better fuel economy (and the largest shares of hybrid and electric vehicles) but high
household VMT, while mixed areas have an older and less fuel-inefficient fleet driving the most. By
shifting the emphasis from fuel usage to roadway usage, large urban and suburban areas will pay a
greater revenue share and mixed a lesser share under an MBUF compared to a fuel tax.
Fuel taxes and MBUFs both charge road users for their use of public roads, which are maintained by
government. Thus, in addition to shifting usage charges to urban and suburban drivers in reflection
of their greater road usage, an MBUF redistributes the shares of state revenues by geography.
Collectively, all households in large metropolitan areas would contribute between 3.9%-7.6% more
than under the fuel tax, while mixed and rural households in total would contribute 2%-5% less. This
effectively inverts the revenue contributions from urban and non-urban geographies: the former
increases by 1.69%, and the latter decreases by the same amount.
Notably, households in small urban areas would see almost no change on average. This can be
explained by fuel efficiency characteristics of vehicles in these areas, such as age and fuel type, but
the fact that the aggregate change in revenue goes up slightly while the average payment per
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household goes down suggests that while some households pay more under an MBUF, most pay
less (see Figure 2), because of how fuel efficiency and mileage differ between tracts.
In a switch to a revenue-neutral MBUF, the share of revenue goes down for conventional vehicles,
while they go up for hybrid and electric vehicles to account for their greater fuel efficiency (Table 3).
In general, gasoline and diesel vehicle owners will contribute 0.31 and 0.58% less revenue
respectively, while hybrid, plug-in hybrid (PHEV), and electric vehicle owners will contribute between
0.10% (electric) and 0.51% (hybrid) more than under the gas tax. The relative revenue share for
each geography shifts depending on the prevalence of these vehicles as well as area-specific travel
behavior: for example, additional contributions from drivers of PHEVs in suburban and mixed areas
nearly triple those of drivers from LM urban and rural areas despite the VMT of the two large
metropolitan and two non-urban geographies being quite similar.
Table 3: Change in Total Revenue Share by Vehicle Type

Revenue Source
Gas Tax
MBUF
Difference

Gasoline
95.2%
94.8%
-0.4%

Diesel
4.0%
3.4%
-0.6%

Hybrid
0.7%
1.2%
0.5%

PHEV
0.1%
0.5%
0.4%

Electric
0.0%
0.1%
0.2%

All Fuels
100%
100%
0%

While the relative shares for electric vehicles do increase under MBUF, these vehicles represent
exceedingly small fractions of the state’s vehicle fleet. For example, MBUFs internalize an externality
posed by electric vehicles, which essentially use public roads “for free” under a fuel tax scheme
because they consume no motor fuel. An MBUF would successfully incorporate electric vehicles into
the user charge; however, given that few electric vehicles operate in North Carolina, their relative
share of state revenue is still only 0.1%. As these vehicles proliferate as substitutes for conventional
vehicles, their overall contribution and share of transportation revenue will increase.
This phenomenon is true to a lesser extent for hybrids and PHEVs, which partially “escape” fuel tax
by boosting fuel efficiency with intermittent electric drivetrains: their respective shares roughly double
under an MBUF, but remains overall a small share of the total (1.7%). As with fully electric vehicles,
the relative shares for these vehicle types will increase with the ubiquity of the vehicles.
On a per-vehicle basis, we see absolute dollar shifts for different fuel types in different geographies
(Table 4). Electric, PHEV, and hybrid vehicles see the largest usage charge increases, since they
paid so little fuel tax due to their high fuel efficiency; this increase is greatest where VMT is greatest.
Due to fleet age and fuel efficiency characteristics, the payments for gasoline vehicles in large
metropolitan urban and suburban areas increase while the payments for small urban, mixed, and
rural gasoline vehicles decrease.
Table 4: Average Change per Vehicle ($) from Base Contribution by Geography and Vehicle Type

Geography
LM Urban
LM Suburban
Small Urban
Mixed
Rural
All Urban
Statewide

Gasoline
$11
5
0
-5
-10
5
-1

Diesel

-$19
-20
-24
-34
-36
-21
-30

Hybrid

$86
70
67
84
81
73
77

PHEV
$155
128
123
153
147
133
141

Electric
$190
166
163
196
188
171
179

In general, diesel vehicles pay less under an MBUF than in fuel taxes. This overall decrease
primarily relates to diesel engines’ lower fuel efficiency resulting in the consumption of more fuel per
VMT and therefore more fuel tax, As a result and similar to gasoline vehicles, diesel vehicles are
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favored by a statewide revenue neutral MBUF such as the one used in this analysis. Mixed and rural
areas with high average VMT benefit the most.
Figure 2: Estimated Percentage Change in Household Payments for North Carolina Households by Geography

Figure 2 displays the distribution of the change in household payments from switching to an MBUF.
This graphic indicates large metropolitan urban and suburban households will experience the
greatest overall increase in payments while rural and mixed households will generally pay less.
Notably, this appears to be generally consistent within geographies as well as statewide. The only
exception are Small Urban households: the graph illustrates how most households will see a
decrease in average payment, but a small number will see their payments increase much more,
leading to an overall increase in total revenue collected.
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Methodology and Data Validation

We used the travel behavior estimates generated in Task 4, which were developed using the Bureau
of Transportation Statistics (BTS) Local Area Transportation Characteristics for Households
(LATCH) data for North Carolina. Since the LATCH estimates represent average daily travel, each
tract’s estimated total VMT per household was annualized by multiplying by 365. Total VMT
generated in the tract was generated by multiplying the number of households by average annual
household VMT.
For fleet characteristics, we used tract-aggregated vehicle data generated during Task 3, which
includes harmonic mean fuel efficiencies for the various fuel/drivetrain types analyzed and the
number and percentage of vehicles associated with each fuel/drivetrain type.
We then divided annual VMT between vehicle fuel types and applied each tract’s fuel efficiency for
that fuel type. We assumed that each vehicle of a given fuel type had the same average fuel
efficiency, and that all vehicles had the same VMT proportional to the percentage of vehicles
associated with that fuel type. For example, we calculated the electric vehicle VMT as the estimated
total annual VMT for each tract multiplied by the percentage of electric vehicles in that tract.
We calculated fuel tax payments at the tract level from all vehicles of each fuel type as:
𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝐹𝐹𝐹𝐹𝑓𝑓
Where: 0.362 is the North Carolina fuel tax,
𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the total VMT for vehicle type t, and
𝐹𝐹𝐹𝐹𝑓𝑓 is the fuel efficiency for fuel type f
0.362 ∗

For PHEVs, we assumed that 55% of all miles were driven using only electricity. 1 This was
incorporated into the calculation above by multiplying the VMT by the percentage of miles driven on
conventional fuel (45%). We also assumed that electric vehicles did not make any fuel tax payments.
Total statewide fuel tax collections from household travel are then calculated by summing fuel tax
payments across all tracts. Finally, we calculated the revenue neutral MBUF by dividing the total fuel
tax revenues by the total estimated statewide VMT; approximately 1.711 cents per mile.
Eighteen tracts were excluded from our analysis. These tracts included those for which we were
unable to estimate travel behavior in Task 4: fifteen of these tracts had zero households, while the
other three had most of their populations in group quarters. The Census Bureau defines group
quarters as residences not considered housing units, including institutional (e.g., nursing homes and
prisons) and non-institutional settings (e.g., school dormitories, military barracks, and shelters). 2

1

https://inldigitallibrary.inl.gov/sites/sti/sti/6037810.pdf

2

https://www.census.gov/topics/income-poverty/poverty/guidance/group-quarters.html
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Vehicles and Travel Behavior Results

This appendix summarizes the vehicle fleet and travel behavior analyses informing the above
financial analysis. Greater detail for both results and methodology may be found in the final report.
Across the different geographies, large urban areas tend to have the fewest registered vehicles per
household, while rural areas tend to have more (Table 5). However, the distribution is skewed: all
but large metropolitan (LM) urban areas are clustered close to the overall mean.
Table 5: Household Vehicles by Geography

Geography
LM Urban
LM Suburban
Small Urban
Mixed
Rural
All Urban
Statewide

Share of
Households
(%)
10.1
32.6
8.2
35.9
13.1
50.9

Total Registered
Vehicles
476,563
2,114,379
516,767
2,587,034
907,479
3,107,709
6,602,222

Share of
Vehicles
(%)
7.2
32.0
7.8
39.2
13.7
47.1

Avg Registered
Vehicles per
Household
1.20
1.70
1.62 3
1.86
1.76
1.59
1.71

We analyzed the combined fuel efficiency of different fuel types across the various geographies, as
well as in general for the entire fleet (Table 6). The average fuel economy is about 21 miles per
gallon (MPG). Diesel vehicles average slightly less than 20 MPG (with more urban areas closer to
20). Gasoline vehicles average slightly greater than 20 MPG (with more urban areas over 22).
Hybrid vehicles are almost twice as efficient as gasoline vehicles on average. Mixed and rural
geographies represent most low fuel economy vehicles. While urban and suburban vehicles tend to
be more efficient, this is likely because they are usually much newer than their rural counterparts.
Table 6: Average Fuel Efficiency by Geography (Miles per Gallon of Fuel)

LM Urban
22.7

LM Suburban
21.9

Small Urban
21.1

Mixed
20.6

Rural
20.1

All Urban
21.8

Statewide
21.1

Average vehicle age increases as the geography becomes more rural, with a small jump between
suburban and small urban areas and a steeper increase in average age in mixed and in rural areas.
Most older vehicles reside in mixed and rural areas; this may reflect higher disposable incomes in
urban areas and their residents’ ability to afford newer vehicles, or a greater propensity for leasing,
which would bias the urban fleet towards newer vehicles.
Travel behavior estimates for urban areas in North Carolina indicate that households generally rely
on personal vehicles (Table 7). Similarly, vehicle trip estimates do not vary much between
geographies. Although the variation is smaller, the overall travel behavior patterns are consistent
with other states: households in mixed and rural tracts travel longer distances, while urban
households have significantly shorter vehicle trips.
Table 7: Average Estimated Daily Vehicle Miles Traveled by Geography Type

LM Urban
36.6
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LM Suburban
41.7

Small Urban
36.9

Mixed
55.6

Rural
52.0

All Urban
39.8

Statewide
46.9

An outlier small urban tract contained only two households but 600 vehicles. We excluded these for this calculation – the result otherwise was 3.22
vehicles per household. This tract entirely contains US Marine Corps Camp Lejeune, which likely explains the enormous number of vehicles.
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